With the development of Web services, semantics is introduced into Web services, and the information recognition ability can be enhanced with the semantic description of Web services. Thus, the technology of service composition and binding can be improved. At present, the main method of service composition, discovery, binding and replacement is similarity computing based on an ontology tree. However, constructing the ontology tree and deploying the concepts in it are difficult, and the operability of service composition with similarity computing cannot meet user requirements. To solve the above problem, a new method of service composition is introduced based on semantic vocabulary. The constructing methods of the semantic vocabulary, concept replacement, service clustering, and service composition are given. Finally, the validity and correctness of proposed methods are illustrated by simulations and the comparative analysis of simulation results.
INTRODUCTION
With the development of information technology, Web services based on XML (Extensible Markup Language) have developed rapidly (Sun and Jiang, 2008) . Web services can be used distributed on a cross-platform system. At present, the service providers keep releasing many services into Internet. Although there are many choices for users, the efficiency and precision of service discovery are decreased. In order to solve this problem, the concepts of service groups (Liu et al. 2007) , service pools (Sheng et al. 2009 ), service clusters Du, 2013, Gao et al. 2006 ) and service communities (Quan et al. 2009 , Liu et al. 2009 ) have been introduced. Their main idea is that the services with the similar functions should be clustered before binding a particular service to a composite service (Hu and Du, 2013) . Clustering services can minimize the cardinal number for service discovery. Thus, the service discovery can be sped up.
WSDL (Web services Definition Language) has some limitations . The data of services described with WSDL cannot be recognized completely by the computers. Thus, the ability of service clustering is limited.
With the research of Web services, many scholars introduce the semantics into Web services (Xiong et al. 2010) . The information recognition ability can be enhanced with the semantic description of Web services. Thus, the service composition and binding would be improved. The current main method for service composition, discovery, binding and replacement is similarity computing based on an ontology tree (Wu et al. 2005) . However, constructing an ontology tree and deploying the concepts in it remain a difficult task. The operability of service composition based on similarity computing (HAN et al. 2009, and Xie, 2011) is insufficient.
To solve the above problems, a method for composing Web services based on semantic vocabulary is introduced in this paper. The constructing methods of semantic vocabulary, concept replacement, service clustering, and service composition are given. At last, the validity and advantage of the proposed methods are illustrated by simulations.
The rest of this article is organized as follows. The overall design is introduced in Section 2. A semantic vocabulary is constructed in Section 3. The method of service clustering is given in Section 4. The service composition is introduced in Section 5. Simulations and comparative analysis are given in Section 6. Concluding remarks are made in Section 7.
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OVERALL DESIGN
The overall design of service composition is given in this section. The advantage of the methods proposed in this work is introduced.
The procedure to realize service composition is shown as follows. Firstly, the semantic vocabulary is constructed via expert judgment (Wu, 2007 and Wang, 2008) . The service concept class set and instance set are defined in semantic vocabulary. For example, a service concept class can include {Book Ticket, Charge, Grade …}, The instance of the concept "Book Ticket" can include {Boat Ticket, Air Ticket …}. Second, the descriptive concepts in Web services are replaced with the class concept based on the semantic vocabulary. The services are clustered based on the types of services. Finally, service composition is oriented to user demands.
The advantages of the methods proposed in this paper are described below. Firstly, from the procedure to the realization of service composition, the semantic vocabulary can be obtained from the expert judgment. The service concept class and concept instance can be obtained from semantic vocabulary. The descriptive concepts of services can be unified before service composition. The information recognition ability can be enhanced with the semantic description of services. Thus, the service composition and binding can be improved. Second, the types of services can be obtained from the expert judgment before service clustering. The overall design is shown in Figure 1 . 
CONSTRUCTION OF SEMANTIC VOCABULARY
The service and service semantic vocabulary are defined in this section. Step 2: Traverse a service set Tp={Wservice 1 , Wservice 2 , …, Wservice n }.
2.1: Suppose that the current item of Tp is Wservice t , traverse Wservice t .Cons.
2.1.1: Suppose that the current item of Cons is Con j , put Con j to K.
Step 3: Traverse K. 3.1: Suppose that the current item of K is K o , a result can be obtained via the expert judgment. If K o belongs to the concept class, copy K o to Ctable.Class.
Step 4: Copy K to Ctable.Instance.
Step 5: Traverse Instance. Step 7: If the number of types of services is z,
Step 8: Output semantic vocabulary Ctable. Algorithm 1 presents a method for constructing semantic vocabulary. Its workflow is shown in Figure 2 . 
SERVICE CLUSTERING
The method for service clustering is given in this section. The algorithm of service clustering is given as follows.
Algorithm 2: Service clustering Input: Service set Tp={Wservice 1 , Wservice 2 , …, Wservice n }, semantic vocabulary Ctable= (Class, Instance, Relation, Category) .
Output: Service cluster set Clusters.
Step 1: From Ctable, obtain the number of types of services i. Create a one-dimension array A[i]={0}. Create a service cluster set Clusters=∅.
Step 2: Traverse service set Tp. Step
4: Put A[1], A[2], …, A[i] to clusters, and output clusters.
From Algorithm 2, the descriptive concepts in services are unified based on semantic vocabulary. Services are clustered according to the types of services. The workflow of service clustering is shown in Figure 3 . 
SERVICE COMPOSITION
The method for service composition is introduced in this section. The user requirements are defined and the workflow of service composition is described. Four types of service composition are given. The first one is the simple composition. It means that the user requirements can be satisfied by a single service. The second is sequence composition. It means that the requirements can be satisfied by some service executed consecutively. The third is parallel composition. It means that the requirements can be satisfied by some services executed in parallel. The last is mixed composition. It is the type mixed by sequence and parallel composition.
From the types of composition, the results of the service composition binding to a user are a set of services in an order. The user requirements are introduced as follows.
Definition 3. Ur= (No, Cons, Relation) is a user requirement, where
(1) No denotes the unique label of a user requirement.
(2) Cons denotes the descriptive concepts of a user requirement. The structure of Cons is Cons= (v, w, …, k) , where v, w, and k are descriptive concepts, and denote the atomic demand.
(3) Relation denotes the relations between descriptive concepts in a user requirement. The structure of Relation is Relation=(x&i&…&p) ||(q||e||…||n), where "||" denotes logic "or", and "&" denotes logic "and".
The algorithm of service composition is shown as follows.
Algorithm 3: Service composition Input: User requirement Ur= (No, Cons, Relation) . Semantic vocabulary Ctable= (Class, Instance, Relation, Category) . Service cluster set Acluster={cluster 1 , cluster 2 , …, cluster i }.
Output: The result of service composition.
Step 1: Traverse Ur.Cons. 1.1: Suppose that the current item is Cons j , and traverse the item of it.
1.1.1: Suppose that the current item is Con k , and traverse the item of Ctable.Relation.
1.1.1.1: Suppose that the current item is Relation q =<class, instance>. If the instance is Con k , replace Con k with class in Relation q .
Step Step 3: Output Ur.Relation. The workflow of service composition is shown in Figure 4 . 
EXPERIMENTS
To show the advantages of the proposed methods, the experiment of service composition is given based on semantic vocabulary in this section.
( From Figure 6 , the service concept classes are given in the first column of Sheet 2, and the service concept instances are shown in the second column. The relations between concept classes and instances are given in the third column, and the types of services are described in the fourth column. For example, from Figure 6 , the first type of service is presented by {Sells Ticket, Air Ticket}.
(3) Concept replacement From Algorithm 2, the descriptive concepts of the services defined in Sheet 1 can be unified according to the service concept classes defined in Sheet 2. To improve the efficiency, the procedure for concept replacement can be programmed by Excel VBA (Visual Basic for Application) (Hu, 2014) . It is convenient to extract and edit the data in Excel Sheets by VBA. The workflow of a VBA program for realizing service clustering is shown in Figure 7 . From Figures 7 and 8 , the concept "Book Ticket" in service 1 is replaced by "Sells Ticket", service 4 is also changed, and so on.
(4) Service clustering From Algorithm 2, fifty service clusters are obtained by using VBA programs, and created in Sheet 3. A part of service clusters in Sheet 3 are shown in Figure 9 . In Figure 9 , the names of service clusters are given in the first column of Sheet 3, and the services in clusters are given in the second column. For example, from Figure 9 , cluster 1 ={service1, service 2 , service 58 ,…}.
(5) Service composition oriented to user requirements From Definition 3, fifty user demands are defined in Sheet 4. A part of user demands are shown in Figure 10 . From Figures 11 and 12 , obviously, the service clustering ability in Figure 12 is decreased. For example, the descriptive concepts "Book Ticket" in service 1 are not a concept class. The computer cannot recognize them from the service clustering. Thus, service 1 does not appear in cluster 1 of Figure  12 . Moreover, the service composition ability can be decreased.
Therefore, the validity and advantages of the proposed method are illustrated.
CONCLUSIONS
To improve service composition, a new method of service composition is proposed based on semantic vocabulary in this paper. A semantic vocabulary is constructed and some algorithms are presented such as service concept replacement, service clustering, and service composition. Finally, the validity and advantages of the proposed methods are illustrated by simulations and comparative analysis.
Further work will be the data processing technology of the services oriented to big data. Moreover, the platform construction of service composition will be considered based on cloud computing.
